Abstract Tropical bovine theileriosis, a tick borne disease, caused by, Theileria annulata with marked clinical signs of pyrexia (102-105°F), enlargement of lymphnodes etc., causes heavy economic losses in terms of high mortality and morbidity rates. Diagnosis of theileriosis is mainly based on clinical symptoms and microscopic examination of stained blood smears and lymph node biopsy smears but limitations of these methods against Theileria sp. limits the specificity. Hence, to overcome the limitations, the present study reports the detection of T. annulata in blood samples of cattle by polymerase chain reaction. The study was conducted on 155 cattle having typical clinical symptoms and blood smear after staining with Giemsa stain was examined for the presence of T. annulata in RBC. The Primer sequences were used as per d'Oliveira et al. The assay employs primers specific for the gene encoding the 30-kDa major merozoite surface antigen of T. annulata and the amplification of 721 bp was done. Out of the total 155 animals, 34 were positive for T. annulata by blood smear method whereas 134 samples were positive by PCR. So diagnosis of blood samples by PCR is found to be the most sensitive and specific methodology as compared to cytological blood smear examination. The sensitivity was 23.88 % and specificity was 90.47 % of blood smear method considering PCR as gold standard and it was found that PCR is more sensitive than the conventional method of examination.
Introduction
Livestock sector plays a critical role in India's rural population by contributing 9 % to Gross Domestic Product and employing 8 % of the labour force. Cattle and buffalo are the preponderant and the most interactive species amongst the livestock, hence the concept of cross breeding was adopted in order to improve the genetic makeup of the low producing indigeneous cattle but it increases the susceptibility of vector borne haemoprotozoan diseases.
Bovine Tropical Theileriosis, a tick borne disease, is caused, Theileria annulata (Brown 1997; Preston 2001) shows the clinical signs of pyrexia (102-105°F), enlargement of lymphnodes, depression, anorexia, anaemia, drop in milk production, nasal and ocular discharges and dyspnoea (Soulsby 1982) The disease causes heavy economic losses in terms of high mortality and morbidity rates (Brown 1990) . In India economic loss due to ticks and tick borne diseases in animal has been estimated to the tune of USD 498.7 million per annum and BTT alone contributes USD 384.3 million per annum (Minjauw and Mc Leod 2003) .
Diagnosis of Theileriosis is mainly based on clinical symptoms and microscopic examination of stained blood and lymph node biopsy smears. But smear method is often associated with technical problems, wrong diagnosing and low sensitivity in diagnosing the carrier cows (Shayan and Rahbari 2005) . Serological tests like immunofluorescent antibody test has limitations of cross-reactivity with antibodies directed against other Theileria sp.
In order to overcome the limitations in routinely available diagnostic method, the present study was designed for
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Materials and methods
The study was conducted on 155 cattle with the history of high temperature (102-106°F), anorexia, depression, anaemia, loss of milk production, haemorrhagic conjunctiva. Blood smear were taken from the tip of the ear and stained with Giemsa stain. The blood samples were also collected for molecular identification of T. annulata. The genomic DNA from the blood samples were extracted out as per the protocol of Sambrook and Russell (2001) . The assay employs primers specific for the gene encoding the 30-kDa major merozoite surface antigen of T. annulata (d 'Oliveira et al. 1995 The PCR reaction was set up into 25 ll volume containing 12.5 ll PCR Master Mix (0.05/ll Taq DNA polymerase in reaction buffer, 4 mM Mgcl 2 , 0.4 mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, and 0.4 mM dTTP), 1.5 ll of each primer (Forward and Reverse), 2 ll of the DNA and total volume was made up to 25 ll using Nuclease free water. The reaction conditions was initial denaturation at 94°C for 1 min. followed by 30 cycles each consisting of individual cycle consisting of 94°C for 45 s, 55°C for 1 min, 72°C for 1 min. with final extension at 72°C for 5 min. The PCR amplicons were analyzed by agar gel electrophoresis in 1.5 % agarose gel. The specificity and sensitivity of blood smear examination was evaluated by 2 9 2 contingency table (Thapliyal and Mishra 1996) by considering PCR as a gold standard.
Results and discussion
Out of the total 155 animals, 34 were found to be positive for T. annulata by blood smear method whereas 134 samples were positive by PCR. In the present study it was found that the samples that were negative by the blood smear examination had given specific band by PCR. The samples positive for blood smear were also positive by PCR test, while out of 134 samples, 100 samples positive by PCR were not detected by the microscopic examination.
The sensitivity was found to be 23.88 % and specificity was 90.47 % of blood smear method and it was found that PCR is more sensitive than the conventional method of examination (Table 1 ). The present study is in agreement with Rady et al. (2010) and Odongo et al. (2010) . Altay et al. (2005) , Durrani et al. (2008) , Azizi et al. (2008) , Bami et al. (2009) also reported that PCR was more sensitive than the traditional method of blood smear examination who also used the same primers for detection of Theileria organisms in blood. Variability of prevalence of theileriosis between the two methods was found to be significant (P \ 0.05, 0.01), Chi Square value is 129.94 Statistical comparision of PCR and blood smear method had shown significant difference between these methods at 1 % level (Table 2) . Azizi et al. (2008) reported that sensitivity and accuracy of PCR method in diagnosing of T. annulata carriers was more than common method of smear examination. Sanchez et al. (1999) verified the utility of this technique in epidemiological studies and compared it with conventional diagnostic techniques and reported that PCR was more sensitive and specific test for detection of T. annulata infections.
The primer specific for the gene i.e. N516 and N517 was used to detect T. annulata and the amplification of 721 bp (Fig 1) was detected in all 134 cases. So diagnosis of blood samples by PCR is found to be the most sensitive and specific methodology as compared to cytological blood smear examination. Thus PCR will be useful to detect subclinical infection of Theileriosis in animals. In the field conditions the cattle having subclinical infection of T. annulata are the major source of infection to the ticks (Fig. 2) . The subclinical infection is not diagnosed on blood smear examination whereas PCR detects very minute infection of T. annulata also, as evident in the present study and can be used as an excellent tool for the diagnosis of T. annulata infections in carrier cattle (Fig. 3) . 
